Abstract. Collecting data on cotton field's agricultural background and quality of the cotton pickers' work is one of the most important works in preparation for the cotton picking by machine. The use of advanced information technologies for the collection and processing of these data allows to create automated software tools that significantly reduce the time and cost. Creating the algorithms that can be applied in the development of such programs is one of the urgent problems of computer vision and agricultural sciences. Algorithms for determining the number of green bolls based on the analysis of images of a section of cotton field from different angles are proposed and experimentally tested. Keywords: image analysis, Canny's edge detection method, Hough transform, decision trees, algorithm C4.5.
Introduction
Currently known methods of field evaluation of agronomical and other indicators of cotton-picker's work quality is based on the manual, very tedious processing of rows and plants before and after the cotton picking with the machine by involving of several ordinary and high qualification specialists.
The information obtained during a tedious and time-consuming data processing is usually very limited and does not allow more extensively and in detail, both qualitatively and quantitatively evaluate the performance of individual components. Applied to Cotton picker, this is assessment of the quality of work spindles, puller, pneumatic conveying systems, assessment of cotton picking by plants' height, etc. For this reason, automation of quality assessment of cotton pickers and obtaining of information on agricultural background of a cotton field on the basis of image analysis methods of computer vision is an important problem.
The aim of this work is to develop algorithms for assessment of cotton picker's work on the base of image analysis of a cotton field.
Statement of a problem
) -the images of the cotton field before and after cotton picking by cotton picker respectively.
ℑ -images of i-cotton field from frontal and back side,
ℑ -images of that field from above. Developing algorithms to determine the number of green bolls in these images and to extract areas of cotton in them is required to assess the Cotton picker's work quality and to determine agricultural background of a cotton field.
Problem decision algorithms 1. Algorithm for determining the number of green bolls. This algorithm is based on the analysis of images of the considered plot from different angles and consists of the following steps: 1) extracting the contour lines on the image; 2) extracting the ellipsoidal objects in images; 3) determination of the number of these objects by analyzing their location in the sections of the images, photographed from different angles.
Step 1: extracting the contour lines on the image. At this stage of the algorithm for determining the number of green bolls the Canny algorithm (Canny, 1986, pp. 679-698) , which consists of the following steps, is used for extracting contour lines: -image smoothing is performed by applying a Gaussian filter (Shapiro and Stockman, 2001, pp.153-154) , which reduces the effect of noise; -Sobel operator (Shapiro and Stockman, 2001, pp.160-166 ) is applied to the obtained result; -contour lines are extracted from a variety of potential edge points on the base of the two threshold values.
Step 2: extracting the ellipsoidal objects in images. One of the effective methods for extracting an object in the image, given in the form of parametric curves, is the Hough transform (Hough, 1959, pp 153-163) . The idea of this method is that the parametrically defined curves form a phase space in which each point corresponds to a curve. This allows finding the image curves, which is the highest number of points of interest. We use parameters of the ellipse equation as the parameters to search for green bolls on the image.
Step 3: determining the number of ellipsoidal objects in image. The analysis of the results of the previous stage in all three images of the site is performed at the last stage. For a final decision on referring the selected object in the images to the number of green bolls, we introduce the following rule, which takes into account the information content of each angle of view: 2. Segmentation algorithm. The key indicator for assessing the quality of cotton picker's work is key indicator cotton area (on the bush before picking, remaining on the bush and fallen to the ground after picking) on the image before and after cotton picking. To extract cotton areas in the image an effective algorithm is proposed.
We present the problem of segmentation of images of cotton field to the problem of recognition of objects of two classes -the cotton area in the image and the rest. We formulate this problem as follows.
The set of objects I (training sample), each of which is described by three characteristics -pixel values in the three color channels (RGB) is given. It is also known that each object refers to one of two classes ( 1 Kcotton field in the image, 2 K -background). It is necessary to build a rule by which the objects of the set I treated to their class.
To solve this problem the algorithm based on the combination of decision trees C4.5 was chosen (Quinlan, 1993) . This algorithm is the most efficient algorithm in the family of algorithms that implement decision trees.
Step 1: formation of the training sample. As noted above, training sample I is required for solving the problem. The sample was formed by manually highlighting areas of cotton in the image.
Step 2: pre-processing of data. Pre-processing the training sample, which is the process of removing repetitions and contradictions, is performed at this stage.
Step 3: construction of the decision tree. At the last stage, we construct a decision tree using an algorithm C4.5. For this purpose, two training sets are formed: the first training sample includes the pixel values of the front image of the plots, the second training set includes images captured from the top. This kind of separation is obvious -background pixels (pixels that are not included in the image of cotton) of these images are very different from the pixels of the cotton image.
Results
Efficiency of the algorithms is tested on images of 120 plots of cotton fields. In addition to the original images in the sample the coordinates of the upper left and lower right points of the manually selected green bolls (for the first algorithm), as well as images with manually selected cotton areas (for the second algorithm) were also given. Partition of the sample produced by the standard method t×q-fold cross-validation (Kohavi, 1995 (Kohavi, , pp. 1137 (Kohavi, -1145 with t=q=10.
The results of experimental studies are summarized in Figure 1 . The average result of the algorithm for determining the number of green bolls was 74.16%, and for the segmentation algorithm this indicator was 88.24%. Analysis of the results shows that in the first algorithm the false alarm rate is high (79.2% of the total number of errors) due to the similarity of the shape and color of cotton leaves and green bolls. 
Conclusion
Algorithms and software, which are used for solving the problem of evaluating the performance of cotton picker and determining the agro background indicators of a cotton field were worked out within this work. According to the research results we can draw conclusions and make recommendations, the essence of which is as follows.
We proposed an algorithm to determine the number of green bolls based on the analysis of images of a section of cotton field from different angles. The degree of influence of the image captured from a certain angle to the final decision on referring the selected object to the green bolls is determined in the process of learning algorithm.
Algorithm for extracting an area of cotton in the image was worked out. The results showed the effectiveness of the decision-making tree for solving this problem. The developed algorithm will be the basis for the evaluation of the cotton picker and the determination of most of the agro background indicators of the analyzing cotton field.
On the base of the results of experimental studies we consider it appropriate to use the proposed algorithms in the development of computer systems for evaluating the performance cotton picker on the base of the analysis of images of cotton field.
